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Materials and methods a. Characterization techniques
NMR Analysis were performed using a Bruker 300 NMR spectrometer. Different deuterated solvents were used according to the solubility of each compound at room temperature. Chemical shift values are given relative to TMS. Fourier transform infrared (FTIR) spectra were recorded in the 4000-400 cm -1 range using 32 scans at a nominal resolution of 4 cm -1 by means of aBruker AVATAR 320 FTIR spectrometer equipped with an ATR unit. TGA was carried out using a NETSCH 409 PC in air. Compounds were heated to 1000 °C at 10 °C·min -1 . DSC measurements were carried out on a NETSCH DSC 204-F1 apparatus. DSC thermograms were recorded on raising the temperature from -120 to 150 °C at a heating rate of 10 °C·min -1 under nitrogen atmosphere. Time-of-flight mass spectrometry analysis was carried out on a Synapt G2 -S mass spectrometer (Waters) equipped with an ESI source. Mass spectra were recorded in the positive ion mode between 100 and 1500 Da. The capillary voltage was 1000 V and the cone voltage 30 V. The temperature of the ion source and desolvation were 120 °C and 250 °C, respectively. X-Ray Diffraction (XRD) measurements were performed on a Philips X'Pert diffractometer using a CuKα radiation (λ= 1.5405 Ångstrom). Surface characteristics of carbon powders were evaluated by nitrogen sorption isotherms measured at 77 K with a Micromeritics ASAP 2010 equipment. The pore size distributions were calculated by using the non-local density functional theory DFT method from adsorption isotherms. Raman spectra of powders were recorded by using a He/Ne laser (λ= 633 nm).
b. Electrochemical techniques
Electrochemical measurements were carried out using a Biologic VMP3 potentiostat or an followed by an OCV period. Leakage current has been measured by chronoamperometry during the potential holding step.Self-discharge current have been determined by measuring the time passed for the OCV to drop to 1.4 V and calculated with respect to the initially stored charge.
Synthesis and characterization of the biredox IL
Chloro-methylanthraquinone and 4-hydroxy-tempo were supplied by Sigma-Aldrich Reagent
Co., Germany. Lithium bis(trifluoromethylsulfonyl)imide (LiTFSI) was supplied by Solvionic, France. Lithium 2-(4-oxydophenylsulfanyl)-1,1,2,2-tetra-fluoroethansulfonate was obtained from ERAS Labo, France. Other chemicals were K2SO4 (> 99 %, Sigma Aldrich), P2O5 (> 99 %, Fluka), NaNO3 (> 99 %, Sigma Aldrich), and KMnO4 (99%, Alfa Aesar).Solvents used 5 during the synthesis were purchased from Fluka Chemical Co. The synthesis is summarized in 8 Figure S4 showsits TOF MS spectrum in the positive ion mode. The single peak corresponding to the molecular weight of 2confirms the purity of this precursor.Them/z value of 525 is in accord with the theoretical molar weight of 525 g·mol -1 for the formula C23H13O6S2F4. The spectra show only the expected peaks corresponding to the molecular mass of the cation and anion in the positive and negative ion mode, respectively.This confirms the purity of the biredox IL and absence of Li + and Br -from the precursors within the detection limit. 
d. Electrolyte preparation
In order to get the biredox IL dissolved at a concentration of 0.5 M in BMImTFSI we heated the mixture at 60 °C under ultrasonication. The cells were made by impregnating the electrodes with heated electrolyte and keeping the assembled cells at 40 °C for 2 h to ensure good wetting.
Cyclic voltammetry analysis of Biredox IL diluted in ACN
Electrochemical response of the biredox IL All voltammograms were recorded with a three-electrode system using a Princeton Applied
Research bipotentiostat. The reference electrode, Ag/AgCl in 0.1 M TBAClO4 in acetonitrile in a separate compartment separated from the exterior with a dense ceramic, was directly immersed in the electrochemical cell. The working electrode was a 2 mm diameter glassy carbon (GC) disc electrode. The counter electrode was a platinum rod. The GC working electrode was polished with 0.05 m alumina powder followed by washing with water and acetone before each cyclic voltammogram. The test solutions were de-aereted by flowing a stream of N2 gas (N5.0) through the solution for at least 10 min. 
Electrochemical stability

Ionic conductivity
The measurement cell was in-house built and designed to be able to measure liquids starting from 5µL volume and with conductivities as low as 10 -10 S·cm -1 . The conductivities of the different electrolytes were measured using a SP-300 (biologic) impedance analyser, which also controlled the in-house built temperature control unit. All measurements were performed inside an Ar filled glovebox. We have performed electrochemical impedance spectroscopy measurements in a conductivity cell at room temperature of biredox IL for 0.5 M in BMImTFSI and the pure BMImTFSI ( MHz to 500 Hz.
Electrode material synthesis and characterization a. Electrode preparation
PICA (JACOBY carbon company) and YP50 (Kuraray Chemical company) activated carbons were used as received. Carbon powders (PICA, YP50, or rGO), conductive carbon black and PTFE (from 60 wt% PTFE dispersion in water, Sigma Aldrich) were manually mixed in a 75/15/10 ratio in acetone until a homogeneous slurry was obtained. This slurry was spread on a glass plate and rolled several times to obtain films with a thickness of about 150 µm. Disk pieces of films, with 6 mm diameter and about 150 µm in thickness, and 2 mg mass loading (corresponding toa loading of 6.5 mg/cm²), were cut out and pressed at 10 tons for a few minutes onto a Nickel foam current collector in a Swagelok-type two electrodes cell.. Before electrochemical characterization, the electrodes were dried overnight under vacuum at room temperature and then immersed in the electrolyte solutions for 2 h under vacuum cycling.
b. Open circuit voltage
The open circuit voltage of the assembling devices was in the range of ± 30 mV with respect to the electrode used as negative one with the0.5 M biredox IL in BMImTFSI. Data are collected in the following Table S2 . 
c. Preparation and characterization of reduced graphene oxide
Graphene oxide (GO) was obtained by a modified Hummers method In a first step graphite was pre-oxidized with K2SO4 and P2O5. 2 2 g of graphite powder were stirred in 40 mL of concentrated H2SO4 (95-97 %, Sigma Aldrich) and 3 g of K2SO4 followed by 3 g of P2O5 were slowly added to the suspension. Then the suspension was heated at 80°C for 5 h before being centrifuged. The resulting powder was washed 3 times with water and dried overnight in air.
For the oxidation step pre-oxidized graphite was vigorously stirred in 90 ml of concentrated H2SO4 in an ice bath to avoid the temperature to increase above a 10 °C limit during the addition of 2 g of NaNO3 and 12 g of KMnO4. Stirring was kept for 1 h in the ice bath. The oxidation was continued for 5 days at room temperature. During this time the color of the suspension changed from green/black to pale pink over the 5 days of aging. The suspension was heated at 98 °C for 1 h and 20 ml of H2O2 was slowly added. Upon this the suspension color changed from pink/red to brown. The suspension was centrifuged and washed 3 times with water and finally dried overnight at 70°C.
The resulting graphene oxide (GO) was put in suspension in benzyl alcohol and sonicated for 2 h before being submitted to microwave irradiation for 5 min at 190°C. Note that here benzyl alcohol plays the role of a reducing agent for GO during microwaving, which allows a more homogeneous heating than using conventional heating.
d. Physical characterization of the carbon materials
The XRD patterns for GO and rGO are compared in Fig. S12a . A typical broad peak near 11°, corresponding to a layer-to-layer distance (d-spacing) of 8 Å, was observed for the GO powder sample (A). This interlayer distance is indicative of the exfoliation of graphite, which originally has an interlayer spacing of about 3 Å. 2 The expanded interlayer distance of 8 Å can be assigned to the presence of oxygen functional groups that are present at the surface of partially restacked GO. The weak peak at higher 23° is assigned to a limited re-stacking of the raw material, which is an indicator of a better ordering of the two-dimensional structure. . .
( Eq S1)
whereCs is the specific capacitance, i the current,  the scan rate, m the mass of one electrode and V the potential. . .
b. Galvanostatic cycling
( Eq S1)
whereCs is the specific capacitance, i the current, the scan rate, m the mass of one electrode and V the potential. 
b. Galvanostatic cycling
c. Summary of performance metrics
Effect of biredox IL concentration on performance
As shown in Fig. S16 , for biredox concentration below 0.5 M in BMImTFSI, the higher the concentration, the greater the measured specific capacitance. Corresponding capacitances are listed in Table E1 . However, the solubilisation of biredox IL for the preparation of the 0.5 M solution in BMImTFSI was very long and was achieved at about 70 °C under ultrasonication. 
Concentration of biredox IL in BMImTFSI
Capacitance (F·g The second setup is a Swagelok with three electrodes with a PICA working electrode and a platinum counter electrode, reference is Ag/AgCl wire. These two electrodes have the same diameter. The cycling profile also shows the presence of plateau corresponding to the faradaic reactions of redox species. These reactions are occurring at the PICA electrode (Fig.S21) .
The third setup studied is that of a symmetrical Swagelok cell with three electrodes. PICA |Ag/AgCl |PICA. In these measurements (Fig.S20) , redox peaks are very shallow for the full cell response but more clear for the single electrodes. The voltammogram is characteristic for a pseudocapacitive behavior and the corresponding capacitance is about 300 F·g -1 . This remarkable specific capacitance cannot be assigned to the electrostatic storage with theBMImTFSI IL, which gave only 100 F·g -1 for pure BMImTFSI electrolyte in the samesymmetric PICA/PICA cell.
These studies with three different setups confirm the involvement of the redox species in the charge storage mechanism. The galvanostatic response from PICA/Ag-AgCl/Pt device is given in Fig.S21 . The Faradaic contributions are clearly visible as plateaus. The shape of the curve is far from triangular as it should for a supercapacitor (either EDLC or pseudocapacitor) and is shown in Fig.S15 for a device operated with pure BMimTFSI electrolyte. More precisely, the plateau observed at about 1. each electrode can be calculated from the curve slopes and it was found that the capacitance of the positive electrode is half that of the negative electrode. It's not a surprise since, during the discharge, AQ 2-oxididation involves 2 e -while TEMPO + is reduced with one electron only (see Fig.S18 ). The voltage profile of the cell is close to what is expected for a supercapacitor as it looks more triangular than that from the PICA/AgAgCl/Pt device (Fig S21) .
Self-discharge analysis and simulation associated a. Simulation of self-discharge using diffusion of biredox inside porous carbon
Digital simulations of the diffusive problem required to describe the self-discharge response with COMSOL Multiphysics software v.5.0 for a 2D geometry. It is a software allowing the resolution of the partial differential equation based on finite elements. The geometry of the simulation space is describe in (Fig. S21) . The Nernst-Planck equation describing the transport for the anions and the cations is given by:
whereJiis the flux,F is the Faraday constant, R is the universal gas constant, T is the temperature To better understand the self discharge behavior SC with the biredox IL we performed simulation of the diffusion of redox species inside the cell using COMSOL multiphysics software package (figure 4d). We consider porous carbon material as an effective continuum medium with high viscosity. The geometry and the boundary conditions of the simulation space are described in the Fig. S22 . Our model was divided in three domains, the first one is (b) that To better understand the self discharge behavior SC with the biredox IL we performed simulation of the diffusion of redox species inside the cell using COMSOL multiphysics software package (figure 4d). We consider porous carbon material as an effective continuum medium with high viscosity. The geometry and the boundary conditions of the simulation space are described in the Fig. S22 . Our model was divided in three domains, the first one is (b) that represent the solution bulk, at t = 0 s there are no species present in this domain. The second domain is (c), this is the domain where we concentrated the cation and the anion after the potential was applied, the concentration present in this domain was chosen in order to have at state concentration steady for the anion and the cation equal at 0.5 mol L -1 . Diffusion coefficients were chosen based on the typical order of viscosity in ionic liquids. In the first case with bulk electrolyte concentration are essentially homogeneous after 200 seconds. Comparison with self-discharge time shows that more restricted diffusion prevails in the actual device. This means that the self discharge must be mainly governed by the redox species diffusion in the nanoporous carbon electrodes. The pore size and the size of redox species are to the same order which is why diffusion of the redox species out of the porous electrode will be slow. 12,37 An apparent diffusion coefficient may therefore be estimated by adjusting the value in the simulation to match the found self-discharge time. In order to confirm the slow diffusion of the cations and the anions through the porous structure during the relaxation time, the concentration profiles of the cations and anions were represented in function of the time, Fig. S22 . The model simulated allow us to determine a diffusion coefficient of 10 -9 cm² s -1 in the porous structure in order to have the concentration in the bulk of the solution at 0.5 mol L -1 at t = 36 000 s. In this case, 10 -9 cm 2 .s -1 is funded to obtain 10h of self-discharge. In other words the redox species is limited inside porous carbon and the slow mobility explain the time of self-discharge. The order of apparent diffusion coefficient is similar than (1) diffusion inside polymeric media (2) hybrid media. Our result is in correlation with order media where ionic/redox species are slow mobility caused by confined space. Of course, the limitation of our model is that diffusion inside porous carbon are not a simple diffusion demonstrated by Stocke Einstein and the correlation between our value of apparent D and interaction-motion of the carbon media is impossible in our case.
The main point of present simulation is to demonstrate that slowly self discharge is limited by slow motion in carbon material and our bucky-ion contributes to slow motion due their size. To conclude, biredox ionic liquid is confined inside carbon media and the motion is relatively slow.
It is as non-covalent surface modification appears in your case. In the order of surface modification, redox species are not news Brousse et al., have shown the possibility to increase capacity by grafting redox specie. The limition of Brousse approach was lost of porosity when grafting occurs. If you see our approach as no-covalent redox surface modification, the clear advantage is the simple method without lost of porosity of our material and the accessibility of ionic species. In regard to this result, adjust carbon material with our biredox ionic liquid is the main perspective to find the best optimisation capacity/ power/ self discharge.
Power capability a. Fitting CVs
The time constant may be obtained by fittingthe cyclic voltammogram with equation (S3):
Here i is the current,  the scan rate, the double layer capacitance, t the time and Rs is resistance of the electrolyte solution. The time constant is given by equation (S4):
= .
(Eq. S3)
To obtain the time constant CVs were measured at various scan rates for the classical BMImTFSI IL and the biredox IL and were fitted with equations (1) et (2) .
The results in Figure S23 show the rate limitations of the device using ILs as the electrolyte.
The delay of charge or discharge is at least the value of this time constant. Using equation (1) and (2) the overall resistance estimated for BMImTFSI and for biredox IL devices are 200 and 300 ( was calculated by fitting the curves in Fig. S24 B and C) . For comparison the ESR of the device was also obtainedby, electrochemical impedance spectroscopy (EIS) . The ESR obtained from EIS about 50  smaller than the resistance obtained by fittingthe CVs. The data show that the biredox IL as new electrolyte has only a small impact in the time constant of the charge/discharge. In other words, the devices using BMImTFSI and biredox IL deliver roughly the same power while the latter shows significantly increased capacitance. 
b. Calculation of power
In a conventional EDLC device, the electrostatic nature of the charge-discharge processes leads to a specific power, which can be obtained using equation ( 
